Katsumi AKUTSU*, Koji AMANO*, Yoji DOI* and Kiyoshi YORA* To know the nature of obligate parasitism, haustoria and host-parasite interfaces in the haustorial region for some obligate parasites have been investigated by electron microscopy1-4).
Lomasomes and secretory bodies were observed in haustorial regions for Albugo4,5), Peronospora6) and Pseudoperonospora7), which were thought to have some relations to metabolic interchange between host and parasite. Ehrlich and Ehrlich2) observed small vesicles at the interface between the host cytoplasm and the encapsulation of Puccinia graminis f. sp. tritici in wheat leaves. Kunoh3,8) observed the incorporation of mitochondria into the encapsulation of Erysiphe graminis f. sp. hordei in barley leaves by a mechanism like phagocytosis.
These findings, however, are too sporadic for us to draw a definite conclusion concerning the obligate parasitism.
In this paper we describe some results of electron microscopic observations which are thought to be helpful for us to solve the problem of obligate parasitism.
The barley variety and the fungus used in this study was Golden Melon and race 9 of E. graminis f. sp. hordei respectively, because Golden Melon was susceptible to race 9.
Barley seedlings were grown in vermiculite at about 20C for 2 weeks. Their primary leaves were cut, placed in petri dishes, and inoculated with conidia of the fungus.
After 12, 24, 48 and 96hr of inoculation, the inoculated leaves were doubly fixed in 5% glutalaldehyde and 1% osmium tetroxide. After dehydration in a graded series of ethyl alcohol, they were embedded in Epon 812.
Sections were stained with uranyl acetate and lead citrate, and observed under an electron microscope (JEM 100-S).
Results of electron microscopy showed that small vesicles developed in and around the apical region of haustorial lobes in epidermal cells of barley leaves (Plate 1-A and Plate 2-D).
The vesicles were 80-150nm in diameter, being much smaller than host mitochondria (Plate 1-B). They were bounded by a limiting membrane At about the same time, similar electron-dense granules, but those without the membrane and smaller in size, were observed at the boundery of the host lipid bodies (Plate 1-C, arrows).
This suggests that the electron-dense granules in the vesicles may originate in the host lipid bodies. Subsequently, the vesicles were incorporated into the sheath matrix (Plate 2-D).
At this stage channel-like structures, which were connected with the sheath membrane at one end, were formed in the matrix, and the vesicles were found also in them. (Plate 2-D).
The channel-like structures seemed to have some relations to the incorporation of vesicles. When the sheath membrane was not yet fully developed and still directly contacted the haustorial wall, the incorporation of vesicles into the sheath matrix occurred without the formation of channel-like structures (Plate 1-D).
In this case, the vesicles appeared to be incorporated into the sheath matrix by invagination of the undeveloped sheath membrane as demonstrated by Bracker9). The vesicles aggregated in the sheath matrix and contacted with the undeveloped haustorial wall.
Some vesicles were observed in the haustorial wall (Plate 1-D, arrow).
Then a channel-like structure, which was connected with the sheath matrix, developed in the haustorial wall (Plate 2-A). Electron-dense granules probably originated from the vesicles were observed in the channel-like structure (Plate 2-A). The electron-dense granules were finally incorporated into the haustorial cytoplasm by invagination of the haustorial plasma membrane (Plate 2-B) . The Electrondense granules were also observed in the haustorial cytoplasm (Plate 2-C).
Most of them were located along the haustorial wall.
They were surrounded by the membrane but sometimes not (Plate 2-D).
In this study, it was difficult for us to know whether the membrane enclosing the elctron-dense granules originated from the host vesicles or from the haustorial plasma membrane.
The process of incorporation of the cytoplasmic vesicles is diagrammatically illustrated in Fig. 1 . It has been known that the vesicles containing electron-dense granules are usually found in secretory tissues of animals and play some roles in transportation of ma-terials10).
Similar vesicles have been reported to be present in appressoria of some fungi11-14), and to be concerned with transportation of cell wall dissolving enzymes. Grove and Bracker15) examined hyphal tips of fungi by light and electron microscopy, and found that similar vesicles were produced by the endomembrane system in the subapical region of hyphal tips, and became concentrated in the apex where they were incorporated at the expanding surface.
Harder16) reported the presence of similar vesicles around the extrahaustorial sheath for Puccinia coronata f. sp. avenae. With E. graminis f. sp. hordei, similar vesicles were reported to be present in the apical region of haustorial lobes1) and around papillae17) in epidermal cells of barley leaves.
From these reports, it is likely that the vesicles have some relations to transportation of materials concerned in secretory or absorptive function of cells. In this study, the vesicles were observed in the apical region of haustorial lobes where absorption of nutrients seemed to take place actively.
The vesicles were not found in epidermal cells having old haustoria or no haustorium. Electrondense granules in the vesicles appeared to originate in host lipid bodies.
These observations suggest that the vesicles may play some roles in the absorption of nutrients in the haustria of E. graminis f. sp. hordei.
To know if such vesicles were present in and around haustoria of other obligate parasites, young haustoria of Welsh onion rust (Puccinia allii) and soybean downy mildew (Peronospora manshurica) were examined under an electron microscope. As a result, the vesicles could not be found in both fungi (Plate 3-A, B, C, D) .
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